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HIGH PRESSURE FOUR-WAY VALVE 
James E. Webb, Administrator of the National Aeronau- 
tics and Space Administration, with respect to an 

invention of William F. MacGSashan, Jr., and Harry J. 

Margraf 

Filed Apr. 20, 1961, Ser. No. 180,377 
5 Claims. (Cl. 137—625.69) 

This invention relates to high pressure valves, more 
particularly to valves utilizing O-rings. Valves of this 
type have been limited in their range of application for 
the reason that conventional valves utilizing O-rings are 
confronted with the problem that O-rings tend to be 
unseated and caused to fail when attempt is made to pass 
the O-rings across inlet or outlet ports. 

The present invention is directed primarily to this prob- 
lem, and accordingly, included in the objects of this in- 
vention are: 

First, to provide a high pressure valve which incorpo- 
rates a novelly arranged inlet port construction which per- 
mits an O-ring to pass from one to the other side of the 
inlet port or outlet port without danger that the O-ring 
will be dislodged by high pressure at the inlet port. 

Second, to provide a valve which is particularly adapted 
for four-way valves operating under high pressure differ- 
entials, is also applicable to other types of valves such as 
three-way valves or normally closed or normally open 
line valves. 

With the above and other objects in view as may appear 
hereinafter, reference is directed to the accompanying 
drawings, in which: 

FIGURE 1 is a longitudinal sectional view of the high 
pressure valve. 

FIGURE 2 is an enlarged fragmentary transverse sec- 
tional view taken through 2 — 2 of FIG. 1 showing particu- 
larly the inlet port. 

FIGURE 3 is an exaggerated sectional view in the 
plane of FIG. 1 showing the relation of the inlet port 
and O-ring as the O-ring is approaching or receding from 
the inlet port. 

FIGURE 4 is a similar exaggerated sectional view show- 
ing the relation of the inlet port and O-ring as the O-ring 
passes the inlet port. 

The high pressure valve illustrated in the drawings 
includes a valve body 1 having a longitudinal bore 2 
therethrough. The ends of the bore communicate with 
end chambers 3 and 4 which are interconnected by a pas- 
sage 5. 

Midway between the end chambers 3 and 4, the bore 
2 is intersected by an annular inlet port 6 having an axial 
dimension approximating or less than the O-ring v/hich 
cooperates therewith. The inlet port is formed by cutting 
a narrow annular groove in the wall of the bore 2. 

In order to form an inlet connection with the inlet port 
6, two recesses 7 are formed in opposite sides of the 
valve body in the plane of the inlet port 6 as shown in 
FIG. 2. One of these recesses is internally screwthreaded 
to receive an inlet line, not shown, whereas the other is 
screwthreaded to receive a plug, also omitted from the 
illustration. Each recess 7 is utilized to permit the drilling 
of a pair of diverging sockets 8. The two pairs of sockets 
8 intersect each other and the annular inlet port 6 but do 
not intersect the longitudinal bore 2 so that the inlet port 
6 is substantially surrounded by an inlet chamber of large 
area. Fluid pressure is therefore equally distributed 
around the entire circumference of the annular inlet 
port 6. 

Between the inlet port 6 and the end chambers 3 and 
4, the bore 2 is provided with similar annular outlet chan- 
nels 9 and 10. These channels intersect side passages 11 
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and 12 respectively. In the drawings, these passages are 
shown as connected to a common dual outlet fitting 13 hav- 
ing opposed outlet ports 13 a and 13 b. 

The bore 2 receives a valve armature 14 having end 
lands 15 which move in the regions between the end 
chambers 3 and 4 and the outlet channels 9 and 10. The 
proximal ends of the lands 15 are provided with a series 
of axially extending slots 16. The bore 2 is provided 
with O-rings 17 between the end chamber 3 and the outlet 
channel 9 and between the end chamber 4 and outlet chan- 
nel 10 respectively. 

When the outlet channel 9 is in communication with 
the end chamber 3, the axial slots 16 of the corresponding 
end land support the corresponding O-ring 17 as shown 
in the lower portion of FIG. 1. The same condition ob- 
tains with respect to the upper O-ring as viewed in FIG. 1, 
when the armature is in its opposite extreme position. 

The valve armature 14 is provided midway between the 
end lands 15 with a central O-ring channel 13 having an 
O-ring 19 therein. The O-ring channel 18 is flanked by 
central lands 20 slightly greater in axial extent than the 
axial extent of the inlet slit 6. The purpose of this con- 
struction will be explained in more detail hereinafter. 
Between the central lands and the end lands 15, the valve 
armature 14 is reduced in diameter so that the annular 
inlet slit 6 may be connected to either of the annular chan- 
nels 9 or 10. 

The lower end chamber 3 is open to atmosphere but 
may be provided with a suitable air strainer 21. The 
upper or opposite end of the valve body 1 is internally 
screwthreaded for connection to a solenoid into which the 
valve armature 14 extends. A suitable sealing gland is 
provided around this end of the valve armature. Within 
the solenoid 22, the valve armature 14 is connected to a 
solenoid armature 24 in such a manner as to be drawn 
upwardly with the solenoid armature when the solenoid is 
energized. 

The solenoid armature 24 is provided with a bore 25 
which receives a spring 26 that bears against the upper 
end of the valve armature 14 to force the valve armature 
downward when the solenoid 22 is de-energized. An 
equalizer passage 27 extends through the valve armature 
14 from the end chamber 3 so that the interior of the sole- 
noid is exposed to atmospheric pressure. 

Operation of the high pressure valve is as follows: 

When the valve armature 14 is in either extreme posi- 
tion, the O-ring 19 is in sealing engagement with the walls 
of the bore 2 on one side or the other of the annular inlet 
port 6. When the armature moves to the opposite ex- 
treme position, one of the central lands 20 momentarily 
restricts flow through the inlet slit 6 as shown in FIG. 3 
so that the O-ring 19 may pass as shown in FIG. 4 with- 
out being subjected to high flow velocities which would 
unseat the O-ring. The other central land 20 continues 
to restrict flow through the inlet slit 6 until the valve 
armature has reached its other extreme position. 

It will thus be seen that the force of the incoming 
fluid is evenly distributed against the O-ring by reason 
of the annular nature of the inlet port 6 and that, by 
reason of the fact that the inlet port is narrower than the 
lands 20, the flow is momentarily restricted to assist move- 
ment of the O-ring past the inlet port. The margins of 
the inlet port are rounded or chamfered slightly as indi- 
cated by 6a in FIGS. 3 and 4 to guide the slightly protrud- 
ing surface of the O-ring back into its groove as the O- 
ring passes the inlet port. 

While the unique relationship of the inlet port and 
the cooperating O-ring has been shown as a part of a 
four-way valve, it should be observed that this construc- 
tion is equally adaptable to a three-way valve, or to nor- 
mally open or normally closed line valves. Also, although 
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the port and cooperating parts have been shown as an 
inlet port, the port may function equally well as an out- 
let port. 

Furthermore, although the accompanying drawings 
illustrate and the foregoing specification describes one 
embodiment of the invention, it is to be understood that 
the invention is not limited thereto but is defined by the 
scope of the appended claims. 

What is claimed is: 

1. A valve structure, comprising: a valve body hav- 
ing a bore therein, and an inlet port in the form of an an- 
nular channel; a valve armature slidable in said valve 
body, said armature defining an annular 0-ring groove 
and having flanking lands slidably fitting said bore, said 
lands having axial dimensions greater than said inlet 
port; and an O-ring in said groove adapted to pass across 
said inlet port while said lands restrict flow therethrough. 

2. A valve structure, comprising: a valve body having 
a bore therein and at least one port intersecting said bore 
and in the form of a axially narrow annular channel; a 
valve armature slidable in said valve body and defining an 
annular O-ring groove having approximately the axial 
dimensions of the channel forming said port and at least 
one land flanking said groove and slidably fitting said 
bore, said land having an axial dimension greater than 
said port thereby to restrict flow therethrough during pas- 
sage of said land across said port; and an O-ring in said 
groove adapted to pass across said port while said land 
restricts flow therethrough. 

3. A valve structure, comprising: a valve body hav- 
ing a bore therein, an annular channel of relatively nar- 
row axial dimension intersecting said bore to form a flow 
port, walls defining a flow duct surrounding said bore 
and communicating with said annular channel tending to 
produce uniform flow throughout the circumference of 
said annular channel; a valve armature slidable in said 
valve body, said armature defining an annular O-ring 
groove and having at least one flanking land slidably fit- 
ting said valve body bore, said land having an axial di- 
mension greater than said inlet port; and an O-ring in 
said groove adapted to pass across said annular channel 
while said land restricts flow therethrough. 
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4. A valve structure, comprising: a valve body having 
a bore therein, an annular channel of relatviely narrow 
axial dimension intersecting said bore to form a flow port, 
walls defining a flow duct surounding said bore and com- 
municating with said annular channel tending to produce 
uniform flow throughout the circumference of said annu- 
lar channel; a valve armature slidable in said valve body, 
said armature defining an annular O-ring groove having 
an axial dimension approximating the axial dimension 
of said annular channel, and lands flanking opposite 
sides of said groove forming a sliding and flow restrict- 
ing fit in said bore and having axial dimensions greater 
than said annular channel; and an C-ring in said groove 
adapted to pass across said annular channel v/hile said 
lands restrict flow therethrough. 

5. A valve structure comprising: 

(a) a single piece valve body having an armature bore 
there through, transverse bores approaching tangency 
with said armature bore, and a narrow annular slit 
extending from said armature bore into intersection 
with said transverse bores; 

( b ) a valve armature slidable in said armature bore, 
said armature defining an armature O-ring groove 
and having flanking lands slidably fitting said arma- 
ture bore, said lands having axial dimensions greater 
than the width of said annular slit; 

( c ) and an O-ring in said groove adapted to pass across 
said annular slit while said lands restrict flow there- 
over. 
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